The level of polysomes in ungerminated conidia of Neurospora crassa depends on the method used to collect spores. Spores harvested and exposed to hydration contain 30% of their ribosomes as polysomes, whereas those not exposed to hydration contain (4, 5), and Alternaria solani (5). In contrast, RNA synthesis is apparently necessary for germination in A. nidulans (5) and N. crassa (5). However, the results of Inoue and Ishikawa (7) indicate that new RNA synthesis in N. crassa is not absolutely necessary for germination. The reason for this discrepancy is unknown. The overall results with inhibitors of RNA synthesis suggest again that some fungal spores have a potential store of RNA whereas others may not. This study was undertaken (i) to determine polysome levels during early stages of spore germination, (ii) to determine the species of RNA, if any, which become associated with polysomes during spore germination, and (iii) to determine how protein synthesis is controlled during the transition from dormancy (ungerminated spore) to active growth (germinated spore).
The life cycle of many organisms includes a period of dormancy or semidormancy characterized by reduced metabolic activity. This quiescent state is eventually broken by some stimulus which activates metabolism leading to growth. Examples of quiescence include fungal spores, bacterial spores, pollen grains, plant seeds, and unfertilized eggs.
In all such systems, an important question is whether the transition to active growth requires concomitant ribonucleic acid (RNA) synthesis or can be supported by prepackaged RNA. In most studies to date, the presence of prepackaged RNA in the dormant cell has been indirectly assayed by two methods: (i) demonstration of polysomes in the dormant cell or (ii) demonstration that dormancy can be broken even though new RNA synthesis is blocked.
Evidence of polysomes in ungerminated fungal spores is documented for uredospores of Uromyces phaseoli (11) , lyophilized basidiospores of Schizophyllum commune (8) , conidia of Botryodiplodia theobromae (1) , and macroconidia of Fusarium solanis (2) . On the other hand, an absence of polysomes in ungerminated spores has been reported for Aspergillus oryzae (6) and Neurospora crassa (3) . Thus, some fungal spores have a potential store of prepackaged messenger RNA (mRNA) in the form of polysomes and some do not.
Furthermore, the early stages of germination have been demonstrated to occur in the appar- ' Present address: Department of Biology, University of South Carolina, Columbia, S.C. 29208. ent absence of RNA synthesis in B. theobromae (1) , Peronospora tabacina (4, 5) , and Alternaria solani (5) . In contrast, RNA synthesis is apparently necessary for germination in A. nidulans (5) and N. crassa (5) . However, the results of Inoue and Ishikawa (7) indicate that new RNA synthesis in N. crassa is not absolutely necessary for germination. The reason for this discrepancy is unknown. The overall results with inhibitors of RNA synthesis suggest again that some fungal spores have a potential store of RNA whereas others may not.
This study was undertaken (i) to determine polysome levels during early stages of spore germination, (ii) to determine the species of RNA, if any, which become associated with polysomes during spore germination, and (iii) to determine how protein synthesis is controlled during the transition from dormancy (ungerminated spore) to active growth (germinated spore).
MATERIALS AND METHODS
Harvest and culture conditions. N. crassa wildtype strain 74A was used in all experiments. To obtain conidia, the fungus was grown in 250-ml Erlenmeyer flasks containing 50 ml of agar medium (2% sucrose-minimal salt solution [11] ). Inoculated flasks were incubated for 2 days at 33 C and then placed at room temperature. Conidia were routinely harvested between 7 and 10 days after inoculation by two methods: (i) washing the flasks with sterile water, followed by filtration of the conidia through glass wool to remove mycelial debris and agar pieces, or (ii) by inverting a flask containing conidia over a 15-ml membrane filter chimney (Millipore Corp.) equipped with a membrane filter. With gentle tapping of the flask and with suction applied to the filter apparatus, conidia were collected on the membrane filter. The first method yields hydrated or "wet" spores, whereas the second method yields nonhydrated or "dry" spores. Wet spores were hydrated for 10 to 15 min during preparation for inoculation.
For germination studies, conidia were placed in Vogel 2% sucrose-minimal medium at a density of -5 x 10/ml and incubated at 33 C in a shaking water bath.
Labeling conditions. Conidia at the required stage were labeled with the appropriate isotopes; details are given in figure legends. Isotopes used were L- [4,5-3H] (wt/wt) linear sucrose gradients (ribonuclease-free sucrose). The gradients were centrifuged for 90 min at 35,000 rpm in an SW41 rotor at 4 C. The gradient tubes were punctured at the bottom, and the gradients were displaced upwards at a constant rate when 50% (wt/wt) sucrose was pumped in with a LKB peristaltic pump. [pH 6 .0] containing 0.1 M NaCl and 1 mM EDTA) and shaken at room temperature for 5 to 10 min. After low-speed centrifugation, the aqueous phase was removed and extracted again with chloroform-phenol-isoamyl alcohol. The RNA was precipitated from the aqueous phase with 2.5 volumes of absolute ethanol at -20 C.
The extracted RNA was redissolved in Tris-NaCl-EDTA buffer and reprecipitated with 2.5 volumes of absolute ethanol at -20 C. This RNA (free from phenol) was dissolved in Tris-NaCl-EDTA-SDS buffer, layered on a 12.5-ml 5 to 20% (wt/wt) sucrose gradient (Tris-NaCl-EDTA-SDS buffer), and centrifuged in an SW41 rotor at 25,000 rpm for 16 h or at 22,000 rpm for 16.5 h. Figure 1A depicts the level of polysomes present in ungerminated spores of N. crassa and the activity of these polysomes in protein synthesis. Single ribosomes predominate in the ungerminated spores; however, the small percentage of polysomes present contain the same range of polysome size as found after germination. Furthermore, the incorporation of radioactive amino acids into protein indicates that these polysomes are active in protein synthesis. If dry spores are placed in the germination medium, the level of polysomes is only 3%. This low level of polysomes in dry spores compared to wet spores is found even though the spores are treated identically, with the exception that wet spores were exposed to distilled water for 10 to 15 min before homogenization. Upon germination, the percentage of polysomes rises rapidly, reaching the same level as hydrated spores (Fig.  2) . Thus hydration of ungerminated spores evokes an increase in polysomes which is stimulated further in germination medium.
RESULTS
To characterize further the transition from ungerminated to germinated spores, cultures were labeled with [3H Ileucine and harvested at various times during the first 2 h of germination. Subsequently, the spore extracts were characterized as to the level of polysomes and the amount of protein associated with the polysomes (Fig. 3) . Again the rise in the percentage of polysomes follows that shown in Fig.  2 . Table 1 shows how the specific activity sium. RNase digestion of polysomes (Fig. 4B) isolated from germinated spores leads to a lo complete degradation of polysomes into monosomes. On the other hand, puromycin (Fig. 4D) or low-magnesium treatment of polysomes (Fig.  4C) leads to the complete conversion of monosomes and polysomes into their subunits. Addi-a tion of labeled monosomes to the 10K superna-6 n tant followed by co-centrifugation indicates -that, at least under these conditions, no label is found in the polysome region of the gradient is 1 C D (Fig. 5C and D) . The possibility of degradation T.0 is more difficult to rule out but the following 10 comments are relevant. First, the profiles them-10 selves do not suggest degradation. Secondly, lJ little, if any, labeled RNA is associated with the polysomes (Fig. 5A and B) .
To determine what species of newly synthe- (Fig. 6) . Figure 6A shows the region of the profile. (B) After exposure of 10,000-rpm supernatant sucrose gradient used for the extraction of to 5 pg of boiled pancreatic RNAse per ml for 15 min polysomal RNA. Figure 6B shows that, during germination (Fig. 6D) rRNA is being produ and the nonribosomal, non-4S RNA is rese into two peaks with S values of approximat and 14. Furthermore, the amount of labeled 15S with respect to labeled rRNA increases time into germination: 10% at 0 to 5 min, 20 10 to 15 min, and 39% at 25 to 30 min germination.
To understand the mechanism(s) which trols the rapid shift in monosomes to polysc upon germination, experiments were perfor to determine what constituent of germina medium caused the observed shift. The perc age of polysomes was determined at 15, 30, 60 min into germination of wet conidia minated in minimal medium or deficient n mal medium. The deficient media are min medium minus carbon source (salt soluti minimal medium lacking salts (sucrose s tion), and minimal medium lacking both , and sucrose (distilled water). The results shown in Fig. 7 . Germination of conidia sucrose solution leads to an increase in a centage of polysomes nearly identical to found in spores germinated in minimal medium. However, germination in either the salt 2 solution or distilled water results in a slight initial increase in the percentage of polysomes, followed by a gradual decline. Protein and RNA synthesis in conidia germinating in the different media were monitored by in vivo isotope labeling. The absolute level of polysomes in ungerminated spores is difficult to determine. The 3% level found in dry, harvested spores may be an overestimate since the conidia are exposed to buffer (hydration) for a few seconds during the homogenization procedure. It is possible that this short period of hydration could result in the low level of polysomes found. Therefore, the question of whether conidia contain stored mRNA in the form of polysomes is still open. Inoue and Ishikawa (7) have demonstrated that proflavine, at a concentration which inhibits 80% of the incorporation of uridine into RNA, only inhibits germination by -20%. They conclude that RNA synthesis is not necessary for germination up to 5 h. In contrast to these results, Holloman (5) found that inhibition of germination paralleled the inhibition of RNA synthesis by proflavine.
Because of the uncertainties involved in these inhibitor studies, the species of new RNA synthesized during the first 30 min were characterized. Absence of mRNA synthesis during the first 30 min of germination would be evidence that the rise in percentage of polysomes might occur via prepackaged RNA. On the other hand, detection of mRNA synthesis would leave open the possibility of a contribution of prepackaged RNA. The results show that, within the limits of the techniques used to extract and analyze RNA, RNA molecules with the sedimentation properties of mRNA are synthesized at all times during the first 30 min of germination. Furthermore, at least part of the increase in polysomes seen during the first 30 min is programmed by newly synthesized mRNA. On the other hand, the 10-fold increase in polysomes seen in dry spores germinated for only 10 min (Fig. 2) suggests that such a large increase may be programmed to some extent with preexisting mRNA. Experiments are now in progress which should provide data on the relative contributions of prepackaged and newly synthesized mRNA to the increase in polysomes.
It is also clear that ribosomal RNA (rRNA) is synthesized at all times during the first 30 min of germination, packaged into ribosomes, and incorporated into polysomes. The fact that labeled 18 and 28S rRNA appear in functional polysomes during a 5-min pulse indicates that new ribosome production is a major synthetic process during the early minutes of germination and that the level of ribosomes in the ungerminated spore may be limiting.
The fact that mRNA is synthesized from the very beginning of germination indicates that the concentration of these molecules in the ungerminated spores is limiting and possibly responsible in part for the low level of metabolism. Furthermore, it appears that the activation of RNA synthesis is one of the very early changes which occurs when the spores are induced to germinate.
Results shown in Fig. 7 The results presented in this paper suggest a mechanism by which polysome levels increase after germination and by which the low level of polysomes in the ungerminated conidia is achieved. Since hydration can elicit an increase in polysomes, it may be that dehydration is important in decreasing the level of polysomes during or after conidiogenesis. Thus, as the conidia are formed at the top of the aerial hyphae, they become removed from the source of water and nutrients. Furthermore, since sucrose has been shown to duplicate the rise in the percentage of polysomes found in minimal media, it may be that after the conidia are formed they are effectively cut off from a carbon source. Thus, a process of dehydration combined with a carbon source deprivation could lead to the shutdown of protein synthesis and the low level of polysomes observed. Germination then would simply be a reversal of this process, and RNA synthesis would be one of the very early synthetic processes which is turned on. This RNA is responsible in part at least for the rapid rise in the percentage of polysomes. The question of whether stored mRNA is utilized in this activation requires further experimentation.
